Long-term time-series are a fundamental prerequisite to understand and detect climate shifts and 19 trends. Understanding the complex interplay of changing ocean variables and the biological 20 implication for marine ecosystems requires extensive data collection for monitoring and hypothesis 21 testing and validation of modelling products. In marginal seas, such as Mediterranean Sea, there are 22 still monitoring gaps, both in time and in space. To contribute filling these gaps, an extensive dataset 23 of dissolved inorganic nutrients profiles (nitrate, NO 3 ; phosphate, PO 4 3-; and silicate, SiO 2 ) have been 24 collected between 2004 and 2017 in the Western Mediterranean Sea and subjected to quality control 25 techniques to provide to the scientific community a publicly available, long-term, quality controlled, 26
The dataset presented here consists of 24 oceanographic cruises ( Fig. 1 and Table 1 ) conducted in the 89 WMED on board of research vessels run by the Italian National Research Council (CNR) and the 90 Science and Technology Organisation Centre for Maritime Research and Experimentation (NATO-91 STO CMRE). All cruises were merged into a unified dataset with 870 nutrient stations and ~ 9666 92 data points over a period of 13 years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . The overall spatial distribution of the stations 93 covers the whole WMED, but the actual distribution strongly varies depending on the specific cruise 94 (which can be seen on the right side of measurements were performed with an SBE-3/F thermometer with a resolution of 10 −3 °C; 98 conductivity measurements were performed with an SBE-4 sensor with a resolution of 3·10 −4 S/m. 99
The probes were calibrated before and after each cruise. During all CNR cruises, redundant sensors 100 were often used for both temperature and salinity measurements. 101
Seawater samples for dissolved inorganic nutrient measurements were collected during the CTD up-102 cast at standard depths (with slight modifications according to the depth at which the deep chlorophyll 103 maximum was detected). The standard depths are usually 5, 25, 50, 75, 100, 200, 300, 400, 500, 750, 104 1000, 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000 m. No filtration was employed, but nutrient 105 samples were immediately stored at −20 °C. 106
Reference inorganic nutrient data 107
In addition to the data collected during the above-mentioned cruises, and in order to perform the 108 secondary quality control (described below), we identified five reference cruises (Table 2) , based on 109 their spatial and temporal distribution of the data and the reliability of the measurements (see For all cruises, nutrient determination (nitrate, orthosilicate and orthophosphate) was carried out 121 following standard colorimetric methods of seawater analysis, defined by Grasshoff et al. (1999) and 122 (Hansen and Koroleff, 1999) . For inorganic phosphate, the method is based on the reaction of the ions 123 with an acidified molybdate reagent to yield a phosphomolybdate heteropoly acid, which is then 124 reduced to a blue-colored compound (absorbance measured at 880 nm). Inorganic nitrate is reduced 125 (with cadmium granules) to nitrite that react with an aromatic amine leading to the final formation of 126 the azo dye (measured at 550 nm). Then, the nitrite separately determined must be subtracted from the 127 total amount measured to have only the nitrate. The determination of dissolved silicon is based on the 128 formation of a yellow silicomolybdic acid reduced with ascorbic acid to blue-colored complex 129 (measured at 820 nm, see (Hansen and Koroleff, 1999)). 130
The analytical method was performed using four different models of autoanalyzer in three laboratories 131 (ENEA analysed all cruises with the following exceptions: cruise #23 and cruise #24 were analysed by 132 CNR-ISMAR. From 2004 to 2013 nutrients were analysed by a continuous-flow system multichannel 133 (Auto Analyzer Bran+Luebbe III Generation) while for those of 2015 (cruise #23) an OI-Analytical 134 (Flow Solution III) flow-segmented autoanalyzer was used, with a detection limit of 0.01µM for 135 nitrate+nitrite, 0.01µM for phosphate and 0.05 for silicate. Nutrient concentrations for the 2017 cruise 136 (cruise #24) were measured by the Systea discrete analyzer EasyChem Plus, considering a detection 137 limit of 0.1µM for nitrate, 0.01µM for phosphate and 0.02µM for silicate. 138
Measures from the autoanalyzer were reported in µmol L -1 . Since measures of salinity and temperature 139 were also available, nutrient concentrations were converted to the standard unit µmol kg -1 , according 140 to the laboratory analytical temperature (20°C). Data from nutrient analysis were then merged to CTD 141 bottle data. Note that sample storage and freezing duration varied greatly from one cruise to another 142 ( Combining nutrient data from different sources, collected by different operators, stored for different 145 amounts of time, and analysed by multiple laboratories, is not a straightforward task. This is widely 146 recognized in the biogeochemical oceanographic community, and since the 1990s several studies and 147 programmes (e.g. World Ocean Database, World Ocean Atlas, World Ocean Circulation Experiment) 148
have been devoted to facilitate the exchange of oceanographic data and develop quality control 149 procedures to compile databases by the estimation of systematic errors (Gouretski and Jancke, 2001 ) 150 to increase the intercomparability, generate consistent data sets and accurately observe the long-term 151
change. 152
An example of a first quality control procedure is the use of certified standardizations that are 153 available for salinity (IAPSO salinity standard by OSIL) and temperature (SPRT, Standard Platinum 154
Resistance Thermometer). As for the inorganic carbon, total alkalinity and inorganic nutrients 155 control tool to identify biases in deep data and from that estimate accuracy. The method suggests 159 adjustments that reduce cruise to cruise biases, increase accuracy and allow for the inter-comparison 160 between data from various sources. This approach, based on a crossover and inversion method 161 
Primary Quality control 165
Each individual cruise was first subjected to a primary quality control (QC) that included a check of 166 apparent and extreme outliers in CTD salinity, nitrate, phosphate and silicate. Each parameter included 167 a quality control flag, following standard WOCE flags (Table 3) . (N:Si) ratios, since the secondary QC (described in section 4.2) only evaluates measurements with 178 WOCE flag 2. We considered as outlier any value that departs from the median by more than three 179 median absolute deviations. 180
An overview of the nutrient distribution is provided with scatter plots, showing also the flagged 181 measurements ( Fig. 3 ). Each measurement was flagged 2 ("good") or flagged 3 ("questionable"): 4.1% 182 of nitrate data, 3.37% of phosphate data, 3.16% of silicate data, and 0.07% of CTD salinity data were 183 considered outliers and flagged 3. As highlighted by (Tanhua et al., 2010), the primary QC can be 184 subjective depending on the expertise of the person flagging the data, thus flagging could bring in 185 some uncertainties. 186
In order to have a first assessment of the precision of each cruise measurements, the standard deviation 187 of data deeper than 1000 db was calculated (Table 4 ). Overall, the standard deviation in the deep layer 188 varied between 0.51 and 1.41 µmol kg -1 for nitrate, between 0.1 and 1.64 µmol kg -1 for silicate and 189 between 0.025 and 0.078 µmol kg -1 for phosphate. Cruises #3, #6 and #9 had the largest spatial 
Secondary Quality control: the crossover analysis 209
The method used to perform the secondary QC on the dissolved inorganic nutrient dataset in the 210 WMED makes use of the quality-controlled reference data described in section 2.2, and the crossover 211 analysis toolbox developed by (Tanhua, 2010) and (Lauvset and Tanhua, 2015). The computational 212 approach is based on comparing the cruise data set to a high-quality reference data set to quantify 213 biases, described in detail by (Tanhua et al., 2010) . Here, we summarize the technique with emphasis 214 on inorganic nutrient. 215
The first step consisted of selecting reference data, as described in section 2.2. The second step is the 216 crossover analysis that was carried out using a MATLAB Toolbox (available online: as difference cruise/reference) and a standard deviation of the offset. The standard deviation is 235 indicative of the precision; however, it is important to note that this assumption only works because it 236 is a comparison to a reference, and the absolute offset is indicative of accuracy. 237
The third step consists in evaluating and selecting the suggested correction factor, that was calculated 238 from the weighted mean offset of all crossovers found between the cruise and the reference data set, 239 involving a somehow subjective process. 240
For inorganic nutrients, offsets are multiplicative so that a weighted mean offset > 1 means that the 241 measurements of the corresponding cruise are higher than the measurements of the reference cruise in of an increase or a decrease is the difference of the weighted offset from 1. In general, no adjustment 244 smaller than 2% (accuracy limit for nutrient measurements) is applied (detailed description is found in 245 The secondary QC revealed various multiplicative corrections necessary for nitrate, phosphate and 256 silicate. Four cruises (#7, #11, #19, and #21) were not considered in the crossover analysis: cruises #7 257 and #11 do not have enough (at least 3 to get valid statistics) stations > 1000 db, while cruises#19 and 258 #21 were outside the spatial coverage of the reference cruises. Cruises that were not used for the 259 crossover analysis are not included in the adjusted dataset. 260
Overall, we found a total number of 73 individual crossovers for nitrate, 72 for phosphate and 54 for 261
silicate. An example of the running cluster crossover output is displayed in Fig.4 . Results of the 262 crossover analysis is an adjustment factor by cruise that are shown in Tables 5 and Fig . 5-6-7 that was 263 calculated from the weighted mean of absolute offset summarized in Table 6 
Nitrate 268
The crossover analysis suggests adjustments for nitrate concentrations on 15 cruises, from 0.94 to 0.98 269 (<1) and from 1.02 to 1.34 (>1) ( Table 5 and Fig.5 ). Offsets suggest that deep measurements of cruises 270 #1, #3, #4, #5, #6, #8, #12, #13, #15, #16, #23 and #24 need to be adjusted towards higher 271 concentrations, when compared to the respective reference ( Fig.2S ). Nitrate data from cruises #2, #9 272 and #10 on the other hand were higher than the reference cruises and require a downward adjustment. 273
Finally, five cruises (#14, #17, #18, #20, and #22) were consistent with the reference data and no 274 adjustment was necessary. Considering the weighted mean of absolute offset after adjustments shown 275
in Table 6 , two cruises require large correction factors and are still outside the accuracy threshold: 276 cruises #5 and #24 (Fig. 5 ). These cruises are considered in detail later (section 5.4). 277 278
Phosphate 279
For phosphate the crossover analysis suggests adjustments for 20 cruises, as shown in Fig. 6 . Deep 280 phosphate measurements of 15 cruises (Table 6) appear to be lower than the respective reference 281 measurements (i.e. phosphate data of these cruises require an increase), while the data of five cruises 282 (#2, #3, #4, #6, #24) are higher (i.e. they need to be decreased) ( Fig.3S ). Applying all the indicated 283 adjustments, the large offsets of cruises #2, #3, #4, #6, #8, #9, #10, #18, #20, #23 and #24 are reduced 284 and become consistent with the reference. Cruises #1, #5, #12, #13, #14, #15, #16, #17, and #22 retain 285 an offset even after applying the indicated adjustment. These cruises are considered in detail later. factor (Fig. 6) , and thus an increasing one in the weighted mean offset (Fig.3S) , implying a temporal 289 increase of phosphate. Therefore, phosphate data of the cruises being part of the trend were not 290 flagged as questionable, except some cruises that are discussed further in section 5.4. 291
Comparing phosphate before and after adjustments, the corrections did minimise the difference with 292 the reference, while the actual variation with time was preserved. The temporal trend towards higher 293 phosphate concentrations in the Mediterranean Sea is considered to be real, even though studies 
Silicate 299
The results of the crossover analysis for silicate suggests corrections for all cruises (Fig.7) . The 300 crossovers indicate that deep silicate measurements are lower in the evaluated cruises than in the 301 corresponding reference cruises (i.e. they need to be increased) ( Fig.4S ). This is likely to be a direct 302 result of the samples freezing before analysis, since the reactive silica polymerizes when frozen 303 (Becker et al., 2019). After applying the adjustment (Table 5) , as expected, the offsets are reduced 304 (Table 6 ), but five cruises (#1, #5, #6, #15, and #16) remain outside the accuracy envelope. Due to the 305 large offsets, these cruises will be discussed further in section 5.4. 306
Discussion and recommendation 307
Adjustments were evaluated for each cruise separately. As a general rule no correction was applied 308 when the suggested adjustment is strictly within the 2% limit (indicated with NA in Table 5 ). The 309 average correction factors were 1.06 for nitrate, 1.14 for phosphate and 1.14 for silicate, respectively. 310
To verify the results, we re-ran the crossover analysis and re-computed offsets and adjustment factors 311 adjustments are within the accuracy envelope and only few are outside the limit, except for the cruises 313 belonging to the above mentioned "phosphate-trend" and the other outlying cruises which are detailed 314
hereafter. 315
Referring to the analysis detailed in section 4.2, the internal consistency of the nutrient data set has 316 improved after the adjustment from 0.98% for nitrate, 0.83% for phosphate and 0.86% for silicate, to 317 more unified dataset with 1.004 % for nitrate, 0.97 % for phosphate and 0.98% for silicate. 318
A comparison between the original and the adjusted vertical nutrient profiles is shown in Fig. 8,  319 indicating an improvement in the accuracy based on the reference measurement and a relatively 320 reduced range particularly for phosphate ( Fig.8B) . The regression model is more accurate after adjustments with an improved r 2 for N:P from 0.81 to 0.90 326 and for N:Si from 0.85 to 0.86. 327
Below we discuss the flags assigned in the adjusted dataset for some cruises that needed further 328 consideration, since they required larger adjustment factors: 329
Cruise #1 [48UR20040526]: The adjusted values are still lower than the reference (Fig.5-6 -7- Fig.2S -330 3S-4S) and are still outside the 2% accuracy range. This cruise had stations in the Sicily Channel, 331 Tyrrhenian Sea and Corsica Channel (Fig. 9 , right side) and only 4 stations were deeper than 1000 db 332 (those within the Tyrrhenian Sea). The low precision of this cruise has already been evidenced during 333 the primary QC (section 4.1). We recommend flagging this cruise as questionable. Considering the limited precision and the low number of crossovers, it is recommended to flag the 338 cruise as questionable. 339
Cruise #6 [48UR20060608]: The silicate bias was reduced after adjustment but remains large with 340 respect to the accuracy limit ( Fig. 7-Fig. 4S ). This cruise has a wide geographic coverage, with 341 stations along 9 sections ( Fig. 9 , right side). Considering also the high standard deviation (Table 3) , 342
which is partially attributed to the spatial coverage of the cruise, there still remains uncertainty about 343 the quality of the samples. It is recommended to flag silicate data of cruise #6 as questionable. 344
Cruise #12 [48UR20081103]: Phosphate data have low accuracy with respect to the reference cruises 345 ( Fig. 6-Fig. 3S ). This cruise has stations along a longitudinal section from the Sicily Channel to the 346 Gibraltar Strait, which might explain the large standard deviation of deep phosphate samples ( Table  347 3). In addition, considering the relatively high number of stations >1000 db and a plausible trend in 348 phosphate, it is not recommended to flag the phosphate data as questionable. 349
Cruise #15 [48UR20100731]: This cruise had 149 station along a similar track as cruise #12 and 350 shows large offsets for phosphate and silicate ( Fig. 6-7-Fig. 3S-4S ), compared to cruise #12. 351
Considering that deep silicate data was not of low quality (small standard deviation, see Table 3 ), and that it has only one crossover ( Table  357 6), it is recommended to flag silicate data of cruise #16 as questionable. As for phosphate, the cruise is 358 part of the "phosphate-trend" and is therefore not recommended to be flagged as questionable. Cruises discussed in this section were not removed from the final product but are retained along with 363 their quality flags detailed above. We have done the evaluation of their overall quality but leave it up 364 to the users how to appropriately use these data. 365
Final remarks 366
An internally consistent data set of dissolved inorganic nutrients has been generated for the WMED 367 (2004-2017). The accuracy envelope for nitrate and silicate was set to ~2%, a predefined limit used in 368 GLODAP and CARINA datasets. Regarding phosphate data, these were almost entirely outside this 369 limit, because of its natural variations and overall very low concentrations in the WMED, a highly P-370 limited basin. Using a crossover analysis to compare cruises with respect to reference data, improved 371 the accuracy of the measurements by bias-minimizing the individual cruises. 372
The publication of a quality-controlled extensive (spatially and temporally) database of inorganic 373 nutrients in the WMED was timely, and fills a gap in information that prevented baseline assessments 374 on spatial and temporal variability of biogeochemical tracers in the Mediterranean. In combination 375 with older databases in the same region (e.g. bottle data available in the MEDAR/MEDATLAS 376 database), this new database will thus constitute a pillar on which the Mediterranean marine scientific 377 community will be able to build on original research topics on biogeochemical fluxes and cycles and 378 their relation to hydrological changes that occurred in the period covered by the dataset. The dataset is 379 also relevant for the modelling community as it can be used as an independent dataset to assess 380 reanalysis product or it can be assimilated in new reanalysis products. Tanhua, T., Hainbucher, D., Schroeder, K., Cardin, V., Álvarez, M. and Civitarese, G.: The 530
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